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A series c¢f elements of average atomic weight, usually in
the form of several isotopes, originate in the fission of uraniumg
this was discovered by Hahn and Strassmann at the beginning of 1939,
The number has grown to such an extent in the prast three years that
it is difficult for the layman to familiarige himself with the un-
raveling of the numerous substances. Substituents of 23 elements
have been found to date, The number of analyzed isotopes is more
than £0 as a result of their simultaneous appearance in various

isotopes.

German - . English

stab., L\/O"ﬁ" '{::7"1 'JDLU} :S j(,vwvz,,‘ 3 stable

kurgz {“'"’" &? /QWQ,Q W \mQ @f/’{){ Loy (‘\"(\} short —
langleb. long-life

Illustration I.

Analyzed fission products of uranium fission

The problems which are to be solved here are more. complicated
than in the usual nuclear reactions. With the latter it is only nec=-
essary to analyze or separate isotopes of equal atomic number or
their immediatd neighbor elements. It is the chemist's task to find

the fission products occurring, to arrange them properly with respect

: - 0006-8
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to each other, and to clarify the emact process of the decomposition

series originating from the primary products to the stable isotope.

We are far from having achieved a true arrangement of the primary

isotopes into acceptable fission reactions. A number of short-life
and long-life members of the individual series are alsc still missing.
Tllustration I shows results as they are known to us to date.

(Several of the barium, lanthanum, strontium, and yttrium isotopes
have not yet been described. They have been analyzed by Hahn and

Strassmann. )

Tt should be noted that generally, in the case of synthetic

isotopes, one always deals with the analysis of absolutely unweighable

and invisible quantities of matter. These unweighal:le guantities of
matter may be identified chemically just as exactly as the isotopes
that are present in welghable quantities. During the discovery of

uranium fission it w

¢ necessary to assume the presence of varium
G isotopes instead of the originally assumed radium isotopes. The

assumptions generally valid at that time were thus nullified.

The usual chemical methods of analysis cannot be ap:lied to

the case of synthetically radioactive isotopes., The ionizing rays

; (F - or Y -rays) emitted by the radioactive isotopes are always

‘ used for analysis. In all cases one is limited to methods of count,~
ing the emitted particles,due to the weak available radiation sources
in Germany. The simplest and most acrurate method is the use of the
Geiger-Muller counter, which has rroved itself invaluable in the ip-
vestigation of synthetic radioelements. The radiation particles

emitted in a unit of time from the substance to be examined are

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8



-8
Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006:

regiatered in the Ceiger-Muller counter. Conelusions are drawn
from the obtained activity curves concerning the gimple or complex
nature of the measured substance, its half-life values, etc.

FRELIMINARY EXVERIMENTS TENERALLY TO BE UNDERTAKEN

Several examples will show the systematic clarification of

the processes,

Curve A of Illustration II shows the activity process of

a uranium preparation liberated from one of its natural transfor-
mation yroducts, which was brifly exposed to a relatively weak
neutron source (Ra + Be)., The straight rise is attributed to the
reformation of the /?—radiatinﬂ uranium X which was previously
separated from uranium. The initial decline shows the activity
rrocess of the synthetic isotopes formed Ly the aztion of the neutrons

on the vranium. The chemical nature of these synthetic isotopes —

1s unknown. Curve B already indicates some progress. The separa-

tion of a group of gynthetically active lsotopes from uranium was

obtained by a hydrogen sulphide precipitation of a carrier element
capable of presipitation with hydrogen sulphide. The disturbing

reproduction of uranium X is eliminated.

Deflection A - 10-minute exposure to radi-
per ation, direct measurement
Minute |
!
i B - 30-minute exposure to radi-
)

! atlon, HpS precipitation
| e s et

Minuteu'

Illustration II

. . i
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Nothing of speclal significance may yet be recognized from
Curve B. It must First be determined whether one is dealing with
one homogeneous substance or a mixture of several. The fact is
utilized that homogeneous radiocactive isotopes decompose according
to an exponential iaw, in such a fashion that in equal intervals of
time the equal percentage of available ruantities is transformed at
any given time. If the measured aétjvity is recorded logarithmically
and the time arithmetically, a straight line is obtained for the
decomposition of a homogeneous isotope. Curve A in Illustration III
shows this for a hydrogen sulphide precipitate. A curved line is
shown which gradually straightens. If the extrapolated values of
the strelght line are subtracted from the experimental. values,
a straight line is also obtained. Two different isotopes are ap-
parently present. T.e longer one shows a half-life of about 60
mimtes, and the shorter one of 16 minutes. (0. Hahn, L. ¥eitner,

F. Strassman, Berichte d. Deutsch, Chem. Gesellsch. 69, 905, 1936.)

Actually there are additional isotopes present in the hydro-
gen sulphide precipitate. After very short exposure to radiation
and immediate measurement a still more rapidly decreasing substance
of about 2 minutes half-life appears in addition to the l6-minute
substance. The long-life substance of about 60 minutes practically
does not appear as yet. (0, Hahn, L. Meitner, F. Strassmann,

Naturw. 26, 475, 1938.)
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Intensity
on a

Log scale

Minutes

Illustration 3

Intensity
on a

Log scale

Minutes Lk

illust?ation b

If the exposure to radiation lasts several hours or days a
slower decrease of about 3 days? (Illustration 5) is observed in

addition to the 60 minute half-life substances.

5 UxX (24 days)
activity !

3 day substance

; days

Illustration &

-5
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After exposure to radiation for weeks or months a decrease of 60
days is observed (Illustration 6). (Hehn, Meitner, and Strassmann,

Naturw. 26, L75, 1938.)

Counter deflections Th=MdW3
per minute on a

log scale

Time Days

T1lustration 6

The investigation of such long-life substances is relatively
simple if these are present in sufficient intensity. They remain
when the short-life éubstances have decomposed. This does not
point to anything definite concerning the chemical nature of these
substances, except that they belong to a group of elements capable
of precipitation from an acid solution with HyS, or that they origi-

natedfrom these elements after the precipitation. An exact chemlcal

analysis is necessary in order to identify the synthetic 1lsotopes.

CHEMICAL ANALYSIS OF AN APPARENT HOMOGENEOUS SUBSTANCE

One cannot agsume from the approximate straight line decrease

of a precipitation that a homogeneous isotope is present. Evidence
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obtained from the course of the exponential curves is not very

exnct and isotopes of similar half-life values can easily simulate

a homogenecous decrease. A good example of this is given by close
chemical analysis of the aforementioned three-day substance obtained
from hydrogen sulphide precipitate. This so-called three-day sub-
stance proved to be still complex., It is a mixture of molybdenum

and telluriwn. (Vahn and Strassmann, Maburw. 27, 451, 1939.) If

the solution of the three-day substance is mixed with small quantities
of molybdenum and tellurium and if these tuc elements are then sepa-
rated, the activity is distributed between both precipitates, and it
is veadily seen that two different substances are involved. The
activity of the molybdenum decreases steadily within three days,
exactly 67 hours half-life, - hen thell?—rays are measured in the usual
manner by means of 100 micron aluminum. The activity of the tellurium
initially increases for several hours and then decreases within thrce
days, (exactly 7/ hours), (Illustration 7). In the later case a
transformation product is formed from the tellurium, which causes a

strong increase of intensity as a result of the penetrating/éfnrays.

Activity . the 2 three~day substances

on a !
Log scale

Illustration 7
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This dauvghter substance is an isotope of iodine, which de-
composes with a half-life of 140 minutes. This iodine is separated
easily from the tellurium and may be measured separately., (Illustra-

tion 8). The tellurium,on the cther hand increases correspondingly

agains (Ph, Abelson, Phys. Rev. 55, 418, 1939; N. feather and k.

Bretscher, Nature 143, 516, 1939; Hahn and Strassmann, Naturw. 27,

151, 1939.) It is not possible to recognize the production of the
fodine from the three~day tellurium during the investigation of the
hydropen sulphide precipitate, which contains the fransformation

rroducts that decompose faster than three days (2-minute, l6-minute,

f0-minute substencesh The rapidly decreasing activities hide the
: increase of the iodine, z¢ that only a separdte investigation of the

hree-day substance resulted in clarification.

Activity
Todine from three-day tellurium b

) X in

log scale ? . Bbsi

Illustration 8

The close investigation of the 60-day substance, which is
contained in the HyS precipitate after long exposure to radiation,

is analogous. It is necessary to awalt the decomposition of all

shorter life substances of the HZS group. Here, too, a chemical

ﬂﬁi . analysis shows that the 60-day substance is also not a homogenesous

“ 8 -
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isctope, but a mixture of isotopes of various chemical elements.

The analysis of the short-life substances, for example the
mentioned two-minute substance, may be much more difficult. The
gatisfactory vrecipitation and purification of a hydrogen sulphide
precipitate takes at least several minutes, After this the various
chemical separations begine In the case of the hydrogen sulphide
group, these require a somewhat ample length of time. A number of
elements can be excluded, therefore, in the case of the two-minute
gsubstances. However, a true allocation has not been achieved to

date.

A WORE EYACT AWALYSIS OF THi STRONTIUM JSOTOFRS 48 AN «XAMPLE

OF SYSTEMATIC PRCCEDURE

A single group of elements is selected for a more exact
analysis.

The alkalj:earth isotopes,; barium and strontiuwm, are.an
important and isotope-rich -roup of isotopes necessary for the fis-
sion of uranium. Hepresentatives of the alkaline-earth metal,
calcium, do not seem to appear. Unraveling the individual halrf-life
values from the decay curves of the active barium and strontium
isotopes, which were precipitated together, would yield poor results.
The task is simplified by the easy and rap’d separation of both
barium and strontium from uranium, uraniamm X; and all other fission

productsa
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Activity
gerontium I = 7 minmtes

T1lustration 9

The stroutium group 1s selected for our considerationss In the
case of barium the conditions are similar, although more qifficult

for the non~chemiste

The method of igvestigation 18 again very gimilar to that of
the hydrogen sulphide group. With strontium, however, we are dealing
with only a single clemént. An approximate estimate of the expected
results 18 obtained by exposing uranium to radiation for various
lengths of time. This is followed by rapid rectification of the
synthetic gtrontium isotopes, by separating and reprcipitating them,
using strontium salt as the activity carriere Three strontium 1so-
topes of varying nalf-life values were easily determineds (c1. Lieber,
Naturw. 27, L2l, 1939) . T1lustration 9 shows the activity process
of a strontium preparation which was geparated after exposing yranium
for 16 minutes toO radiation. A very rapid initial decrease changes
o a weakly marked, very gradual rise., A flat maximum is reached

after 3% to L hours, after which a gradual decrease begins. Curve ¢

- 10 =
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is obtained by extrapolating the weakly rising curve b to T =0,

and subtracting the obtained values from the experimental curve.
Curve ¢ shows an exponential decrease of 7 minutes half-life, which
doubtlessly belongs to a strontium isotope. Curve L may stem from

a second strontium isotope, which forms an active metabolon {yttrium)
during its decomposition. The curve could also be attributed to yt-

trivm and a zirconium formed from this jttrium.

Activity

Illust-stion 10

Illustration 10 shows that the first assumption is correct. ‘ B
The uranium was exposed to radiation for several hours. Curve (a)
shows the decay‘ after immediate separation of the strontium (mich
smaller scale than Illustration 9). The strontium precipitation in
curve 9 was undertaken about one hour after the interruption of
radiation. The T-minute strontium isotope disappeared. But considera-
. ble increasing activity, weak during the first few hours, is still
present in the strontium precipitate. A second strontium isotope
is present, which reproduces an yttrium of shorter half-life, and

then decomposes with its half-life in equilibrium with the yttrium.

X Illustration 11 shows the decay of such an yttrium as proof for the
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i . g
validity of our conclusion. The half-life of the yttrium 18 2.2

h Th f"llf of its mo they ubgtance sho Wg & B
OUYSe e al (& 1
corease ac g 1o S B & BCY ay AT bly
decrease a coO dfl.'lD b Tllustr 1tion 10. This dec ease T
be. 1o g8 to a O Wl a 0-no alf- e CL Lieber gaar-
)¢} str ntium ith G=hour ha. f 1if ( s e 5
7 ]

wissenschs le )

Activity -
R—————— TSR " Iﬁnutes
Tllustration 11
The 55-day strontium
Activity

ol days
5l days
57 days

Tllustration 12
T4 was now necessary to show whether another strontium iso-

tope appears after longer exposure to radiation, which may have es-

caped detection during shorter exposure to radiation. This is indeed

« 12 -
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the case. Curves (a) and (b) of Illustration 12 show several | {
ﬂ‘; decay curves which were obtained therefrom. The rapid decay of the
‘ b-hour strontium is followed by a slower decay of approximately 5l

to 55 days half-life. The transition of the initially rapid decay

into’ the straight line decay with 55-day half-life is very notice-

able, and will be reverted to later.

surve {¢) and 1d) of Illustration 12 show that the 55-day

substance iz strontium. The final strontium precipitations were
undertaken after the shorter life isotopes decomposed cuantitativelys
The decay corresponds well with a decomposition period of 55+3 days

with some initial irregularities. (see footnote 1, page 10).

The conditions thus far are clear. Three isotopes, [ minutes,
£ hours,and approximately 55 days,were determined. The 6-hour sub-
stance reproduces yttrium of 3.5 hours. Actually the situation is

mich more complicated. ‘ -

Further clarification was achieved by means of stronger radi- e
ation sources. Using weaker sources, much longer and continued ex-
posure to radiation of uranium over periods of months was also

undertaken. The 6~hour isotope as well as the long~life isotope of

gtrontium are still complex.

We now turn to the &-hour strontium. It was ecarlier noted
that the increase was small only as a result of the reproduction of
the 3.5-hour ytirium (compare illustrations 9 and 10). This is

explained as a result of a relatively strong absorbing /jiradiation

-13 -
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of the yttrium, which par‘icipates only weakly in the 100-micron
counter. An absorption curve of these [?-rays shows that highly ‘
penetrating rays are present. The weak increase of the 6-hour

strontium is explained by assuming that the 6-hour substance con-

sists of more than one isotope, from which only the one 3.5-hour
yttriim is reproduced. (H. G8tte, Naturw. 29, 196, 1941.) To

prove this assumption a uranium preparation was exposed to radiation
by means of neutrons from the high tension appiratus of the Royal
Scientific Institute for Phvsics, instead of using Ba-Be tubes.

Then the s*rontium was separated and purified, and the reproduced

ttrium quantitatively separated and measured every two hours. A
3 3%

set of curves was obtained whose initial activity -ecreased in a

manner similar to the mother substance of the separated yttrium,

This decrease took place with a half-life of 2.7 hours.

Illustration 13, curves A (1-9) and curve B show the results.
The 3.5-hour yttrium has as mother substance a strontium isotoype
with a 2.7 hour half-life. The earlier found half-life of 6 hours must
stem from at least two jsotopes. One of these decreases with a
A.7-hour half-life and the other with one of more than 6 hours.
The combined action of these two isctopes simulates the 6-hour
decrease. Thig longe{ isotope was alse found. It has a half-life
of £.5 hours. It is easily detected from sirong preparations by
somplately decaying the 2.7~hour strontium and then separating and
measuring the remaining long-life strontium from the yitrium which

formed in the preparation.
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2.7 hours

Minutes
Illnstration 13

Curves are obtained which stem from the 8.5-hour and the
above-mentioned 55-day strontium. &t the same time it was deter-
mined that the 8.5-hour substance! is not only the mother substance
of an earlier found 57-day yttrium (0. Hahn, and F. Strasgsmann,
Jaturw, 26, 543, 1940.), but that at the same time another yttrim
isotope with a half-life of 50 minutes is produced from it.

(see Illustrations Ll and 14 a). It could not yet be decided whether
two isomeric ytirium isotopes were produced from the one strontium iso-
tope with a half-life of £.5 hours, or whether the &.5-hour sub-

stance itself consists of two isotcpes with very similar half-life
perdods from which the one forms the 57-day substance and the other

the 50-minute substance. (For further details concerning these

experiments se¢ H. B8tte; see above).

A number of decay curves for active strontium were indicated
in Illustration 12, This strontium was separated from wranium which
was exposedito radlation for several days. These curves showed certain

Ly
small anomalies in thatﬂvery minute increase of activity was always

-15 -
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observed during the transition to the 55-day decay. This increase
was oubside the margin of experimental error. Ihe ytirium was again
separuted from the Aecyeaging strontium with & 55 -day nalf-life.
This ybirium always showed & very winute but Aefinitely dete-table
activity. This weaky separable activity was nob similar to the
yo-day decreate of its assumed nother substances

e OVRB
8.5 hours
minutes

T1lustration 1l

NOUES s o o

i Bt

RN 200 T

é §.6 hours

50 minutes

minutes

T1lustration lla
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The possibility had to be considered that the 55-day
strontium was still complex and that a longer life strontium was : /
present in smaller quantity, which was the mother substance of the

very weak, active yttrium.

The unknown, longer life str-ntium should be obtained in some-
what larger yields when uranium is exposed to radiation over a
period of many months., This assumption was verified. The half-
life of a strontium separated from a uranium that was exposed to ra-
diation for 11 months, gradually lengthened to more than 55 days.
From such a strontium an ytitrium isotope may be separated from time
to time, the initial intensity of which decreases very slowly.
Tllustration 15 shows two experiments performed according to the
indicated methods Curve la) shows the yttrium separated from the
strontium, after the decrease of the so-called 55~day strontium was
ohserved for one month. After the separation of the yttrium, the
strontium was measured in the same counter and the same arrangement,
as before. The stroncly decreasing activity increases again after
several days. The decrease continues, but the decay becomes
gradually slower, according to the half-life of 55 days (dotted

line).

Analysis of the complex nature of the 55~day strontium

1. y-separation

Activity

! geparation
2. y-separation

e gy

I1lustration 15

- 16 -
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Curve (b) readily indicates this. The yririum was geparated

for the first time afver 0 days (Point 1), and measurement of the

strontium was sontinued. The decay becomes constantly sLower.

570 days after the start of the measurement the yoirium was separated

again with the relatively weak preparation. (Point 2 of curve ().

The obtained gtrontium now shows an activity increase much ¢learer
than the previous increase. After this vime the 55~day grrontium

decomposes 1o less than one thousandth of its initial activity.
Therefore, ‘he strontium jgotope must be a new one of very long 1life
which reproduces an active yttrium. We judge the half-life of this
yttrium isotope to be about 60 hourse These experiments thus
prove that the 55-day strontium is compkx and that it contains a
gmaller or larger percentage of a long-life isotope depending upon
the length of time the uwrapium is exposed to radiation. 1ts
half-life cotld nob be exactly determined. It probably is move

than two years, and that of its transformation product about A0 hours.

The pure o5 -day strontium 18 obviously jdentical to an active
isotope of atomic weight (9, which was earlier obtained from the
strontium itselfs Thisigsotope changes into the stable yttrium of
the same atomic welght. The remainming strontium isotopes form

active yutrium isotopes, which in turn transform into zirconiume.

At first it was not possible to determine an acti- e ybtrium
for the T-minute gtrortium. Recently this determination was made
possible by the@mlch stronger neutron source of the Max-Planck-

Tnstitute for Physics.

- 17 -
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With preparations available until recently, the search was
almost hopeless for apresumed, less transformation product of the
7-minute isotupe. Too short an exposure to radiation was not feas-
ible, since the intensity of the strontium would not have been suf-
ficiently great. For the same reason considerable quantities of
uranium were usedifor radiation. However, the separation and puri-
fication of the strontium took so long, that the 7-minute substance largely

decomposed and the isotopes with a longer life interfered.

With the stronger neutron scurce the duration of radiation was
reduced to a few minutes. By means of a simple procedure large
cuantities of wranium could be nsed rapidly and almest at will to
yreat the sought isotope. For this purpose, for example, 50 grams
of uramium nitrate were separated frem uranium X before exposure
to radiation b. repeated agitation of its ether solution with small
quantities of water. The ether-uranium solution containing a few
drops of water was now exposed Lo radiation. The agitation took place
en route from the radiation to the processing location. Tee small
quantity of water contains in addition to a small amount of uranium,%ﬁe
larger part of all the fission products. Among these is strontium,
which may now te easily separated from the remaining fission products
and also from the differeént barium isotopes, which are chemically

close to strontium.

The decay of this strontium after exposure to radiation of
four minutes takee place similarly to the strowtium curve of I1llus~
tration 9. The short, strong exposure causes the activity of the

7~minut45trontium to be delayed in relation to its longer life

- 18 -
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isotope. It could be hoped that it was possible to determine an
active yttrium, originating from the strontium, in addition to the
B.5-hour yttrium. Therefore, the yttrium was separated from the
strontium 20 minutes after the separation of the strontium, and its
activity progress was measured. After an insignificant, initially
rapid decrease a straight line resulted, which corresponded to a

half-life of approximately 9 hours.

If the strontium was rermitted to stand for 1 hour and was
then separated from theyttrium, and if this was succeeded by another
yttrium precipitation from the strontium after two hours, the stron-
tium decreased considerably faster. The half-life was about 3.5
hours, so far as could be determined with the small activity. This
was verified by renewed strong egposure of wranium to radiation for
16 minutes. During this time a larger percentage of the 2+7-hour
strontium is formed, and from this a correspondingly greater amount
of yttrium of 3.5-hour half-life. After allowing the separated stropn-
tium to stand for 20 minutes, the existence of the new 9-hour
yttrium was definitely recognized., Yttrium precipitated from the S
aged strontium, after an intermediate precipitation, contalned

L only the 3.5-hour yttrium.

Origin of an 8-hour yttrium from a 7-minute strontium

3.5 hours

8§ hours
3.5 hours
8 hours

!
Activity }
!
|
L

Hours

Illustration 16

“1l9 =
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Tllustration 16 shows these results. Curve (a) indicates the
decay of the ytitrium separated from the strontium after 20 minutes
in the case of the four-mimute experiment. Curve (b) shows the later
yttrium precipitation. Curves (¢) and (d) show the results of the
strontium obtained during the longer exposure to radiation. The
initially more rapid decrease of the first yttrium curve (¢) is
more markdd than in the case of (a), because of the rresence of a

large percentage of the long~life strontium iseotope.

These experiments force us to conclude that the 9-hour
yttrium originates from the short-life strontium isotope. If the
latter is decomposed, which occurs after one hour, and if the yt-

trium originating therefrom is removed, then only the 3.5-hour

yttrium and traces of the 57-day and 50-minute yttrium isomers are

formed from the remaining, more stable strontium isotopes.

When the 9-hour activity of curve (¢) is extrapolated to
T = 0 and the resulting values are subtracted from the measured
ones, one does not obtain a frue 3.5-hour curve, but an initially
faster decay. This perhaps indicates the existence of another still
unknown yttrium isotope, which may also indicate the complex nature

of the 7-minute strontium.

The 9~hour yttrium isotope is missing in Illustration 13. This
is caused by the isolation of the strontium, from which the yttrium
fractions were precipitated, after the complete decomposition of

the short-life strontium isotope.

The strontium isotopes were used as an example to describe

- 20 =
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the various wethods for analyzing and characterizing the five dif-
ferent active isotopes and their first transformation products, the
yhirium a’}sotopes.

These experiments do not yet indicate whether these strontium
igotopes are primary fission products or transformation products
of elements of lower atomic number. Since an entire series of barium
1sotopes was found during the Tission of uranium, it was agsumed
that the appearance of this group indicated a simulhneous origination
of stron"r.lium and xenon on the one hand, and barium and krypton on
the other. DPoth element pairs with the atomic numbers 38 # Sl and
56 + 36 add up to 92, which is the nuclear charge of the splittihg
uraniume In one of the earliest reports on nuc:leax%fission the forma«

}

tion of wenon was indicated ( 0, Hahn and F. Strassmam, Naturwe
27, 163, 1939)s Shortly thereafter Dutch (F. A. Heyn, A. H. W,
hten, C. J. Bakker, Nature lh3, 516, 679, 1939) and American
(A, Langsdorf, jre, Phys. Hev. 56, 205, 1939) scientiets, and we our=
selves demonstrated the formation of krypton. (¢, Hahn and F. Strass-
mann, Naturwissenschaften 27, 529, 1939.) It was necessary 1o
determine which of the strontium isotopes described above are
possible transformation praducts of krypton, and which do not stem

from a gase

The method for showing the existence of rare gasses originale
1y used by us was as follows: A stream of air was led through the
wranium solution during exposure to radiation, causing the sought
active rare gas to be ‘led over cooled activated charceal. The char-

coal was then converted into alkall or alkaline earth metals. If

-2l -
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such were found, they could only have originated from an active rare
gas in the charsoal, since the metals cr their salts would not pass
over with the air stream. In this manner some cesium, barium, and

rubidium isotopes were detested.

With weak radiation sources active strontium isotopes were
found by means of a new method. Use was made of the "emanating ability"
of surface rich uranium compounds for rapid detection of astive rare
gases. (CG. Hahn and F. Strassmamm, Naturw, 28, 5, 1940.) The
rare gases originating during radiation diffuse outwardly from the

"iighly emanating” uranium preparation. Transformation products

originating from the achive rases may be collected on s negatively

charged metal plate, The "active precipitates” may be removed from

the plate in fractions of a minute, and may then be chemically sepa-

rated from cne another. In this manner, in cesium and rubidium isotopes

and several barium isotopes, as well as t e 2.7=hour, the &,5-hour an d &
the 55~day strontium were determined as derivatives of krypton isot-

opes. (0. Hahn and ¥, Stragsmann, Waturw., 28, Sk, 1940), (H. Ghite,

see above)., It may be added that in later experiments a direct

separation of the xenon and krypton isotopes and their decomposition
pProducts was achisved Ly directing the air stream through the
uranium solution. Charcoal adsorption containers, placed Lehind

one another, were used, One was cooled with dry ice + alcohol, and
the other with liguid air. ‘The xemon was readily adsorbed by meang

of the dry ice and the krypton by means of liquid air. (C. Hamn and

F. Strassmann, Natury, 28, 455, 1940,

It was also possible to determine the T=minute strontium as

- 20 w
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a krypton derivative by means of the strong neutren scurce of the Max-
Flanck-Institute. The detection from the "highly emanating" uranium
wes not possible earlier. A parently the 7-minute strontium yields
were too small in comparison to-the longer life isotopes, even with
the shortest permissible radiation time for a co rect measurement.
From this it is concluded that the lkrypton isotope forming the 7-minus
strontium possesses an especially short half-life. In agreement with
the above-described analysis of the origin of an yttrium isotope

of 9-hour half-life from the 7-minute strontium, this new yttrium
isotope was found in the "active precipitate" from "highly emanating"

uranitume

It has not yet been determined whether the long life stron-

tium of more than two years also originates from kKeypton.

The result of the déyé’cribed analysis of the strontium iso-
topes found during the fission or wuranium, their mother substances,

"and metabolons 18 represented in the following diagram:

BBSr 39Y hOZI'

> 7 minutes -->9 hours ——>?

very short — 80 seconds ——) 2.7 hours -——)3.5’ hours —/\ stable

0 257 days R
? ? > 8.5 hours 580 minutes S 7,
2.5 minutes ‘ﬁls.h minutew —>55 days ~—— stable

> 2 years —> 60 hours ——) stable

Only the chemical unraveling of the strontium isotopes, their

origin and ktra‘ns‘formation were dealt with. Therefore, the determina-

tion of the haﬂé—iife of'.“ the krypton and rubidium isotopes, their

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8



Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8

probable atomic welghts, etc., was not discussed. (Further details
concerning the krypton-strontium group see: W. Seslmann-figgebert,
Naturw. 28, 451, 1940; H. C8tte, Naturw. 28, 496, 1940; O. Hahn and
F Strassman, Naturw. 28, L55, 1940,) A discussion concerning the
atomic welghtsof all the fission produsts, so far us they are
determinable, will be undertaken in another: report written in col~

laboration with Professor Mattauch.

PHYSICAL GHANGES OF THE WORKING REQUIREMENTS AS AN AID

TO THE EXPERIMUNT

Tt is not the intention of this r.port to discuss the other
elements and element groups appearing during nuclear fission in
a mamer similar to that in which strontium was discussed. This
would be a repetition of all chemical processes applied in this field.
However, it may be of interest to present some examples which show
the significance of systematic changes in the method of exposing

uranium to radiation and the measuring of the fission products.

1. Durdtion of Xxposure

An important point is the duration of exposure. The almost
hopelessly entangled mixture of different isotopes and their trans=-
formation products is divided into distinct groups by exact balancing
of the length of exposure and by using the individual separations
at different times after the exposure. This processing method has
already been used in the preliminary tests as well asg in the case

of the strontium, as previously di scussed.

2. lnergy of the Reacting Neutrons

The previously exémplified fission pﬁqcesses, as well as all

others investigated at thp‘Kniser~Wilheim instituto, are best re-

leased by means of slowed neutrons, The radium-beryllium tubes,

v; Eh -
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whlch were used exclusively until recently as a neutron source were
surrounded by paraffin. The preparations which were to be exposed
were located several centimeters away from the tubes, Other thick
paraffin layers were placed behind the preparations. If the peréffin
1s omitted! from the same geometrical arrangement, the fission prod=
uct yield willbe much smaller. Thermal neutrons are the most effec-
tive. However, the chemical nature of the fission products was
always the same even when the most energy-rich neutrons were used

from the radium beryllium preparations.

This is changed when the energy-rich neutrons of the Li-D-
reactions, (action of deuterons upon Li in high tension apparatus)
vhich amcunt to 17 million electron-volts are used for exposure. It
was first determined by Jap .nese sclentists (T. Yasaki, Sc. Pap.
Inst. Physic. chem. Res. Japan 37, L57, 1940. Y. Nishina, T.
Yasaki, K. Kumura and M. Ikawa, Phys. Rev. 58, 660, 1940, 59,

323, 677, 1941, Wature 146, 2L, 1940) and verified by Awericans

(£, Segre and G. T, Seaborg, Phys. Rev. 59, 212, 1941) that comple te-

ly new fission processes result from these energy-rich neutrons.

Isotopes of the elements ruthenium (LL), rhodium (U5), palladium (46), .
silver (L47), cadmium (LB), and indium (4,9) originate. The fission

processes proceed in this case more symmetrically than with slow

negtrons. In addition to these symmetrical fissions, the remaining

known fission processes sre undrubtedly released, since slower

neutrons occwr in considerable cuantities in the spectrum of the Li-D

neutrons. We found theyyield of symmetric to known fissions to be

- 25 -
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in a ratio of 1:1, Awring investigations concerning the appearance

of the sy

netrical f{issicns during Li-D-exposures and the covering
of the neutrons with cadmimm and borium. * If exposures are undertaken
with unglowed Li -D-neutrons, the appearance of all the fission sle-

ments during ‘he chemical analysis mst be considered.

During the esposure of uranium, so~called resonance processes
occur. Neutrons rossessing a certain energy are added to the uranium
(n, ?/;process) (L Meitner, O. Hahn and F. Strassmann, 28. £, Fhys.
106, 249, 1937.) or +o processes d?ring which a second neutron
leaves the uranium nucleus (n, 2n-process) . Nighina, T, Yasaki,

Ko Kumura ang M. Tkawa, Ph s, Rev. 57, 1182, 1940; T. “asaki, Sci.

Pap, tsee above); I, MeMillan, Fhys. ltev, 58, 178, 1940) togrther

with +the originally ra liated neutrons. In the first case the waniwm
lsotope of 23-minute half-1ife is formed already before detection
of the uranium fission (I, McHillan, Phys. Kev. 58, 178, 1940), In
the latter case a 7~day isotope is formed (0. Hahn, L. Meltner, P,
Strassmann, Ber. d. Dbsch. Chem. Ges. 69, 912, 1936.). An isotope

i 0" element 93 with a hal £~life of 2.3 days is formed from the 23~

winute substance (¥, YeMillan, Py 1, Abelson, Phys. Hev. 57, 1185,

1940).  The possible presence of thege substances must also be
considered, if the ‘ndividual fission products are to be obtained in

a pure form.

3. Strength of @xposure

Tt is almost too trivial to mention that a stronger exposure of
the uranium and the resulting greater yield of fission products
has advantéges as opposed to weaker preparations. It is, however,

Instructive to show by means of an example, how the investigation

may be made which could not be made with weak preparations. Barium

e

i

: 06-8
Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R0001002500



Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8

is selected as an example. Three isotopes had previously been de-
termined, one of 1l minutes, one of 86 minutes, and one of about 300
hours half-life. The li-minute and the 300-hour isotopes still give
active lanthanum isotopes. The half-life for the first lanthanum
was Judged to be about 2% hours, while that for the latter was de-
termined at Ll hours (0.Hahn and F. Strassmann, Naturw. 28, 543,
1940.) It was suspected that the li-minute barium might be a
primary fission product. The corigin of the other two was definitely

traced to xenon. (0. Hahn and F. Strassmann, Natikrw. 27, 529, 1939.)

Results concerning the li-minute barium have essentially

changed due Ho the stronger preparations resulting from use of the

dagb tension apparatus of the Max-Planck Institute. The lh-minute

barium is 11 complex and consists of two lsctopes which them

selves reproduce twe active Llanthanum isotopes. This camnot be

detected with the usual decay measurement, The 86-minute isotope

which is simultaneously present to -ether with the lh-minute barium,

and the lanthanum which is repreduced from the barium meke the decom-

position curve too complicated to prrmit a true evaluation. The

following procedure was followed when the strong neutron source of '
the high tension apparaius was vsed. The exposwre lasted only a

few minutes.  This causes the production of only small quantities of

86-minute barium, since it first forms from a T-minute cesium iso-

tope and a L5-~second xenon (see table in Illustration 1).

Thexuranium'was processed‘into barium &8 quickly as possible
immedia@elyféfter,itsyexposgre.‘ Thefbarium was dissolved and the

£

ger volume.' A certain, gradually increased

solution increased to'a lar

nqhber,bf‘dqbip;c ntimeters of this stock solution were mixed with
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several milligrams of iron during intervals of gix minutes eache

The lanthanum, which reformed in the meantime, was separated from
barium by means c¢f this iron. The barium was cuantitatively pre-
cipitated and measured twice for two minutes at a time. Eech time

the activity of the barium isotopes still present were obtained

free from the disturbing lanthanvm. Fy systematically increasing the
precipitated quantity of active barium from the stodk solution and
adding each time the same quantity of imactive barium as a carrier,
the activity measured beyond four minutes may always be kept app-
roximately equal. Thus the accuracy is not affected by the constantly
weakening active barium. The direct decay of the pure barium iso
topes, free from decomposition products, ig obtained by always re-
lating the measured activities to the same volumes of stock soluw-
tion. 1t was shown that the decay of the so-called lli-minute barium
did not correspond to a homogeneous substance (the decay is corrected
to the small quantity of f6-minute barium). A curved line was obtained
whose evaluabtion points to the pr:sence of 2 b-minute and an 18-min-
ute decomposing bariume (Details concerning this follow in a re- -

port soon to appear by Hahn and Strassmann) .

The lanthamm originating from the barium isotopes was care«

fully investigated in another series of exreriments. DNesired

results are obbained when the lanthanum separations are undertaken
while the transformation products of both barium lsotopes are still
present. In another method the lanthanum isotopes are separated
after thé decomposition of the f-minute bariums lanthanum is produced

from the remaining 18-minute barium after a certain walting period,

- 28 -
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The experiments arc still not completed. EBach
of the two short-iife barium isctepes reproduces an active lantharmum
isotope. The half-life values ave approximatuly 70 minutes and 3.5

honrs. (Details o ncerning this follow in a report soon to appear

by Hahn and Strassman).

Another result stemming from the use of stronger prepara-
tions is the evidence that the two short-life barium isctopes must
also originate from xenon. PRoth were found on the negatively charged
plate with the help of the "highly emanating” uranium. The fact
that the lu-minute barium, now recognized as complex, could formerly
not be shown as the derivative of =wenon, again points to short-life
%enon isotopes, as in the case of the 7-uiinute strontiun described
above. Only a small part of the short-life xenon isotopes diffuses

out of the uranium before it decomposes.

The example used to point out the advantages of stronger
radiation sources of the now recognized complex liu-minute barlum,
0 . may also be aprlied to isctopes previously considered homogeneous.

Doubtlessly, other figsion products will be found with sufficient

radiation intensity. Some of them originate partly as so-called

gsecondary reactions, as do two of the bromlum isotopes found by us.
(0. Hahn and T. Strassmann, Maturw. 27, 529, 1939; Naturw. 28, 817,
191,0.) Also other reactions enter, whose intensity is too small %o
make their detection possible. Such secondary reactions are defi-

nitely important for the complete sclution of the fission processes.
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o Hardness of Radiation Used for Investigation

0f great importence during the investigetion of individual

ot

fiesion products is the testing of the substances with mltiple
layers of absorbing metal foils, and their comparison in counters
of normal and very small thicknesses. By interposing absorbing
foils, those isotopes cbtained Jrom mixtures of various isctopes,
and which emit the most penetrating ﬁ—raya, are first measured.
Isotcpes heretofore not detected, were obtained by this method.
Veasnremsnt of the absorbable K -rays is madéemore feasiltile by
the use of counters with especially small thiclmesses, for examnple
S-minron instead ¢f the usval 100-micron alumimun. Tt s possible,
with the smaller thicknesses to detect isbtop@s whieh appear only

weakly or not at all with use of the 100-micron counier.

! A few examples will be given for both methods of investi-
gation. An lf-minute molybdenu: isotope, detected recently duri~g
‘he fission of uranium, made possible the determination of a Uy~

minute isotope, as a transformation product, from element L3. (0.

Hahn and F. Strassmonn, Natuew. 29, 369, 1941; %5, f. Physik 117,

(89, 1941.) 'The decay of the molybdemum cccurred in form of a stralght N
line, and was not dependent on whether element L3 was present or

had been. separated shortly before. This is explained Ly the fact

that the menticned molybdenum still consists of two isotopes.

(ne of these is the mother substance of the lh-minute isotope,

the ;*-eproducﬁion of which results in an initial increase. The other

one decreases initially, thus compensé-t;ing for the increase of the

first one. After a number of futile attempis, molybdenum isotopes

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8



Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8

freshly obtained from uranium fissien were measured through alumlnum

foils of varicus thizknesses. Tt was shown that the measured half~- ; ;

values decreased rradually from 18 sinutes to 12 minutes

with increasing thickness of the absorbing layers. Use of additi onal
foils produced no further chanve in this veine (Illustration 17).
This proved the existence of a new 12-inute molybdenum isotope.
The 12-winute molybdemun isotope cannot be cenfused with the -
minute isctope of element L3, since the reproduction of this meta~-
bolon would have evidenced a delay ~= bub no roduction -~ of the
18.minvte decreuse. (For details concerning these - ery complicated
procedures with melybdenum see W. Mavrer and i. iamm, Naturw. 29,
368, 1941; and Hahpy and S*vassmamn, l. c. Haturw. and 728. T, Physe,
1 ¢.) In addition the A-rays of element 3 with lh-minute half-
1ife are complotely absorbed by two o three millimeters of aluni-

UM

Analysis of the complex nature of active molybdenum

=
(]
[
e
<
tde
&
7

minutes ————>

Tllustration 1T ; ]
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Some a’ditionsl examples will be given to chow the advantages
of a very thin walled counter for the measurement of highly sbserb-
al:le roays. It has alveady been pointed cut that during the expesure
or uranium to neutrons @ fy@sc-nm‘}.ce precess and a (n-2n) process

zion., These lead to

ocour in addition to the actual nuclear
synthetically active igsotopes of the uranium iteelf. One of these
isctopes is the well-known decompesing 23-minute substance, originating

from an n, 7/-1:I*ocesé. (0. Hahn, L. Meitner and F. Strassmann, Ber.

d. Dtsch. Chem. Ues., 1. c.). Ag fmerican scientists have demonstrated,
an active lsctope of element 93 nrigrinates during the transformation

of this substance, and decomposes with a half-life of 2.3 days.

(McMillan and Abelson, Phys. Rev., 1. c.).

The other uranium lagtope originater with very fast n utrons
according o an n, 2n-process, as pointed ocut earlier. It was first
discovered by Japanese scientists and verified by American scien-

tists, [ (Y. Wishina, T, Yasaki, K. Kimwa an? 4. Tkawa, "hys. Rev.

57, 1182, 1940; . Yasaki, Sci. Pap., 1. c.) (E. ¥

56, 178, 19L0.)]. It has a hall

ife of 7.0 days. According to the
experiments of the above scientists, the 2.3-day substance and the
7-day uwranium :sotope do not emft very penetrating ﬁ -rays. Accords
ing to Starke this is also true of the 2,3-day substance. (K. Starke,
Naturwissensch. 2.0, 107, 1942.) Its detection ig therefore not very
easy in the normal 100-micron counter, and recuires at lesst considera-
ble activities. Here the advantages of the thin-walled counter as
compared to the 100-micron counter, aml evern more so in comparison

to aluminum added in series, are apparent. The illustration shows

.32 -
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the decay of a mixture of thes 23-minute uranium with the 2.3~

day substance with ecqual radiation intensity, when measured in
a 5-micron, a 100-micron, and finally with an added 5@0-micron

alumimm counter. The prep rations used for the three measurements

were taken from the same abock solution, which naturally con-
tained some ordinary araniwm.  Aboub twice as mush was used for
testing thicugh the 10G-micron counter than was used in the 5-
-
wiaron counber. For the added 500-micron counter considerabl@
morae was used. The weak ae’ivity of the uranium, or the reproduced
wraniuwm X, wes obtained fov pach hest and was sub-tracted from the
the emperimental valuese For the comparison of the radiation absorbtion,

ntities of initial

surenont results were related Lo equal ¢

subst nee (Illustration 18), Curve h. of the i1lustration (measurement
by 5-ngcron aluminum) slopes immediately after the beginning of the
measurement. 1L 8 clearly seen that a mixture of equal parts of

the two subgtances is present. In curve B, the 23-minute subsiance
predominates. The 23-minute substance is decomposed after approxi-
mately 200 minutes. The ratio of the activities of curves A and B
after this time is 6:1. This is proof that the rays of the 2.8~day
substance are much more absorbable than those of the 23-minute uranium
isotope. The weak /:?-rays of the 2.3-day substance are barely
demonstrated by curve (¢)s The tiue 23~minute decrease of the ur-

anium igotope is obtained.
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Suppression of rays of the 2.3-day
substance in a mixture with the 23-
minute wranium by addition of alu-
mimim foils Absorption measurements

of element 93

setivity

Minutaes

Tllustration 1.8

The rays of the 7~day uranium isotope are still more ab-
sorbable than those of the 2.3~day substance. The /cg-rays of
the T-day uranium sotope are hardly detectable in the normal

1.00-micron counter if very high intensiti@s are no%%vailable.

The S-micron counter easily permits recognition of this
substance, and its decay may be determined. The 7-day wranium is
precipltated simultaneously with the crdinary uranium. Therefore,

a decay ourve plotted over a perlod qf weeks using the same precipi-
tate ﬁouldlindicaﬁé‘very‘uhoeriéiﬁ velues because of the wnavaidable i

reproduction of uranium X. 'Ag in other cases, a certain amount

Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R000100250006-8



: 50006-8
Declassified in Part - Sanitized Copy Approved for Release 2012/03/15 : CIA-RDP82-00039R0001002

was precipitated at regular intervals as uranium sodium acetate

from a stock soluticn of the T=day substanse plus the uranium.

This removes uranium X. Exactly-soasurad quantities of the precipie

tate (four samples each time) were taken sueccessively in a S-micron

counter, The §K~~rays of the uwranium were made harmless by a sufficiently

thick layer of cellophane, The scattered values resulting from the

somewhat changing layers, are balanced by the four meisuring

Points, at least in the

inning of the curve, where the intensity

of the 7~day substance ig still rather strong, The illustration

shows the result of such a series of measurements {Illustra on 19).

The straight line is drawn through the points with a half-life of

7 days., It is in good agreement, with the obtained activities., The

rasults of thn Japanese and American stlentists are herewith well

verified.

Although the briefly-discussed wranium isotope of T=day
element 93 of 2.3~day half life are

N

and net uranium fission ' .

products, they are mentioned ‘noour considerations concerning the

unraveliy of the fission products, These isotopes which originate

during exposure must he considered during the individual separations.

Illustration 19

The 7-day uranium isotope

~ 35 . ¢

: - 006-8
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CONCLUSION

The physical changes discussed under 1 to I that were involved ’ ]
in the practical investisation of fission reactions, mist not be con-

strued ag complete. They only indicate that which proved to ve ade-

vantageous during the chetleal anslysis with our limited equipment.

Varied methods for more exact insights into the processes are avail-

able to the physicist. Investigation of the rays according to the
Wilson cloud-chawber method, where direct evidence concern’ng the

energy ted ///nrays and their electric charge s

given, may be menticned. The nature of the charge, whether positive
or negative, is also obtained in counters with a series-connected
magnetic field., “Yhe control of the charpe indication has proved to

ba adys

product is identical to a synthetic isotope already de

obtained in the usual manner. (W. Bothe ani A. Flam

rgfeld, Naturw. : .
29, 194, 1941.) The A2 -ray spectrometer may be used for a more exact
investigation of individual radiation groups. 7The energy distribu-

g
. o~ 7 . N P s -
tion of the +#'-rays emitted from the individuel isotopes is determined

by a mathod other than the direct absorption measurement. This leads

; to a method for determining whether the obiained electrons are nuc-
lear /Cflraysﬁ thus indicating an element of higher atomic number,
or whether an activated atom transforms into the ground siate of the
same atom, thus emitting electrons of discrete energies, 1.e., an
electron-line spectrum, as a result of so-called internal ﬁ?ggygg{fﬂﬁwt

mation. Lf the characterlstic X-rays of the atom, released during

e ot . . i i pRhal S i
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A}
/
nuclear g investd
clear processes, are investigated, the ztomic nmumber of the
metabolon may be rietermi 8 g I
Y be retermined, and, for exanple, the presen e of a i
K-electron capture me | .
on capture may also be determined. |
The possibiliti 3
poss ties of physical investigation just mentioned,
”hi ey el O e ] 3o
which proved very successful, especially in America with its strong
radi ati e . 2 -
radiation sources » Were not discussed “n detail, because only a
because oA
survey oo th '
Y concerning chemical procedures was intended, For complete knowl
Gd"@ P oa T A @ 3. . *
ge of all processes the cooperation of physics and che= stry is

a necessity. It 4 b :

sity. It is to be hoped thit also in Germany the possibili-
ties for wva investigati i
188 por varied investigations will be utilized after the construc tion
of more and stronger radiaticn SQUIrCes.

END
7
- 37 o |
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